ABSTRACT
INTRODUCTION
Essential oils (also called volatile or ethereal oils) are aromatic oily liquids obtained from plant material such as flowers, buds, seeds, leaves, twigs, barks, woods, fruits and roots. It has long been recognized that some essential oils or their components have antimicrobial [1] , antiviral [2] , antimycotic [3] , antitoxigenic [4] , antiparasitic [5] , insecticidal [6] and antioxidant [7] properties. These characteristics are possibly related to the function of compounds in plants. Individual components of essential oils are also used as food flavourings, either extracted from plant materials or synthetically manufactured [8] . However, recent enhancement of interest in "green" consumerism has led to a renewal of scientific interest in these substances [9] .
Orange (Citrus genus) is an ancient plant which is in the family Rutaceae. The centre of origin and diversity of this genus is believed to be Southeast Asia. Citrus are mainly cultivated in subtropical regions, and now there is also a large number of cultivation in South Korea. Citrus mainly used for dessert juice and jam production. This processing industry yields considerable amount of waste or by-product such as peels, seeds and pulps which represents 50% of the raw processed fruit [10] . Essential oils are the most important by-product usually obtained from peel of Citrus and make up the largest sector of the world production of essential oils [11] . They are widely used as flavouring agent for drinks, cakes, ice cream, airfresheners, perfumes and household products [12] . Citrus oils are not only used in food but also are generally recognized as safe [13] . Due to their great nutraceutical and economic importance, numerous investigations have been performed which aimed at identifying the chemical composition of the essential oils from peels and leaves of different Citrus species. Minh Tu, et al. [14] found that the Vietnamese pummelo (C. grandis Osbeck), orange (C. sienensis Osbeck), tangerine (C. reticulate Blanco var. tangerine) and lime (C. limonia Osbeck) peel oils consist mainly of limonene (on average 71% -95.1%). Buettner, et al. [15] investigated the chemical composition of the peel oils from Spanishclementines (C. reticulate Blanco cv. clementine) and found that limonene and γ-terpinene were the major constituents of the peel oils, while lina-lool was the main one in leaf oils. In the peel oils from orange, mandarin, grapefruit, bitter orange, citrange and lemon from the same country, limonene and myrcene were identified as the major constituents [16] .
Despite the substantial data on peel and leaf oils of oranges from different regions, there is a dearth of information about the chemical composition and bioactivities of Citrus which planted in Jeju, South Korea. The aim of the present investigation was to analyze the chemical composition and bioactivities of essential oil from Citrus unshiu peel which grown in South Korea.
MATERIALS AND METHODS

Isolation of Essential Oil
The peels of Citrus unshiu were collected from the local market in Kyoungsan City. A voucher specimen (DU-OP-001) was preserved in our laboratory for further reference. Dried peels (200 g) were subjected to hydrodistillation for 3 h using a Clevenger type apparatus. The oil was dried over anhydrous Na 2 SO 4 and preserved in a sealed vial at 4˚C until further analysis.
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
Quantitative and qualitative analysis of the essential oil was performed using a GC-MS (Model QP 2010, Shimadzu, Japan) equipped with a ZB-1 MS fused silica capillary column (30 m × 0.25 mm i.d., film thickness 0.25 µm). For GC-MS detection, an electron ionization system with ionization energy of 70 eV was used. Helium gas was used as a carrier gas at a constant flow rate of 1 ml/min. Injector and mass transfer line temperature were set at 220˚C and 290˚C, respectively. The oven temperature was programmed from 50˚C to 150˚C at 3˚C/min, then held isothermal for 10 min and finally raised to 250˚C at 10˚C/min. Diluted sample (1/100, v/v, in dichloromethane) of 1 µl was manually injected in the split less mode. The relative percentage of the oil constituents was expressed as percentage by peak area normalization.
Identification of components of the essential oil was based on their retention indices, relative to a homologous series of n-alkane (C 8 -C 20 ) on the ZB-1 capillary column under the same operating conditions and computer matching with the NIST MS libraries.
Antioxidant Activity Assay
DPPH Radical Scavenging Activity
The antioxidant activity of essential oil was firstly measured on the basis of the scavenging activity to stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical with slight modification [17] . Briefly, DPPH powder was dissolved with ethanol and stored in refrigerator (4˚C) for at least 6 h to attain stable. The absorbance of DPPH solution was adjusted by ethanol to 0.7 ± 0.05 at 517 nm before using (concentration was about 0.4%). The reaction mixture contained 100 µl of sample (essential oil at 0, 0.1, 0.4, 0.8, and 1.0% in ethanol) and 900 µl DPPH solution. After shaking incubation for 30 min under dark condition at room temperature, the absorbance of each sample was recorded against blank at 517 nm. Experiments were conducted in triplicate. The scavenging percentage of DPPH radical was calculated according to the formula:
where A t is the absorbance of sample treated with DPPH, A s is the absorbance of sample without DPPH but equivalent volume of ethanol, A c is the absorbance of DPPH solution without sample but equivalent volume of solvent.
Superoxide Anion (· ) Radical
Scavenging Activity
The superoxide anion radical scavenging assay was carried out according to the method of Suh. et al. [18] with slight modification. The reaction mixture consisted 250 µl of 0.8 mM xanthine, 150 µl of 0.5 mM nitro-blue terazolium (NBT) and 50 µl of the sample (essential oil at various concentrations) in 0.1 mM potassium phosphate buffer (pH 7.8). After shaking incubation at 25˚C for 10 min, the reaction was started by adding 5 mU xanthine oxidase. The samples were kept at 25˚C for 20 min and then stopped by adding 500 µl of 1 N HCl. The absorbance was measured at 560 nm. The results were calculated as the percentage of scavenging according to the following formula:
where S, S b , C, and C b are the absorbance of the sample treated with enzyme, the sample without enzyme, the control treated with enzyme, and the control without enzyme, respectively. Experiments were conducted in triplicate.
Antibacterial Activity
Microbial Strains
A panel of food-borne pathogenic bacteria including four gram-positive (Bacillus cereus KCTC 14042, Bacillus subtilis ATCC 6633, Listeria monocytogenes ATCC 10943, Staphylococcus aureus ATCC 6538) and three gram-negative (Escherichia coli ATCC 10536, Salmonella enteritidis KCTC 12243, Pseudomonas aeruginosa ATCC 15522) were used in this study. Active cultures for experimental using were prepared by transferring a loop of stock culture to Luria-Bertani (LB) broth medium and incubated at 37˚C for 24 h. Cultures of bacterial strains were maintained on LB agar medium at 4˚C.
Agar Disc Diffusion
Standard agar disc diffusion method was used for antibacterial assay [19] . Firstly, the active cultures were diluted with LB broth to achieve optical density of 10 7 CFU/ml for the test organisms at 600 nm by UV/Vis Spectrophotometer (Optizen 2120 UV). Petri plates were prepared by pouring 20 ml of LB agar medium and allowed to solidify. 0.1 ml of standardized inoculum containing 10 7 CFU/ml of bacterial suspension was poured on LB plate and uniformly spread, then allowed to dry for 5 min. Waterman No.1 sterile filter paper discs (6 mm diameter) were impregnated with 4 µl/disc of pure essential oil and placed on the inoculated LB agar. The plates were left at room temperature for 30 min to allow the oil diffuse into the agar, and then the plates were incubated at 37˚C for 24 h. Antibacterial activity was evaluated by measuring the diameter of the inhibition zone against the tested bacteria.
Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration (MBC) The minimum inhibitory concentration (MIC) of essential oil was tested by the method described by Chandrasekaran, and Venkatesalu [20] . The oil was incorporated into LB broth medium tubes to obtain a final concentration from 0 to 5% (v/v). 10 µl of standardized suspension of each fresh tested organism (10 7 CFU/ml) was transferred to each tube. The tubes were incubated at 37˚C in a shaking incubator for 24 h. The lowest concentration of the test samples, which did not show any visual growth of tested organisms after macroscopic evaluation, was determined as MIC. Further, the concentrations showing complete inhibition of bacteria were identified and 50 µl of each culture broth was transferred on to the agar plate, incubated for specified time and temperature as mentioned above. The complete absence of growth on the agar surface in the lowest concentration of sample was defined as the minimum bactericidal concentration (MBC).
Effect of Essential Oil on Viable Counts of
Bacteria For viable count, each tube containing bacterial suspension (approximately 10 7 CFU/ml) of B. subtilis ATCC 6633, B. cereus KCTC 14042 or S. aureus ATCC 6538 in 2 ml LB broth was inoculated with the MIC level of essential oil, and then incubated at 37˚C in a shaking incubator. Sample for viable counting were taken out from each tube at 0, 30, 60, 90, 120 and 180 min time intervals. Enumeration of viable counting on LB plates was monitored as follows: 10 µl of sample was diluted into 990 µl sterile water, thereby diluted 100 times. 50 µl of dilution was spread on the surface of LB agar. The number of colony formed on LB agar was counted after incubation at 37˚C for 24 h, and recorded as A, so the CFU of original culture was calculated as A × 20 ×100. Final DATA was expressed as log CFU/ml. The controls were inoculated without essential oil for each bacterial strain with the same experimental condition as mentioned above.
Assay of Potassium Ions Efflux
The measurement of free potassium ions concentration in bacterial suspension was followed by the report of Paul, et al. [21] . B. subtilis ATCC 6633 was firstly incubated in LB broth for 12 h, and then the bacterial culture was exposed to essential oil (at MIC level) for 0, 30, 60 and 120 min time intervals. At each pre-established interval, the potassium efflux from cell was measured by a photometric procedure by using the Kaluim/Potassium kit (Quantofix, GmbH, Wiesbaden, Germany), and the potassium concentration of LB broth was also measured as blank. Control cells without essential oil treatment were tested using same method. Results were expressed as amount of extracellular free potassium (mM) in the media.
Measurement of Released Cellular
Materials The release of materials from B. subtilis ATCC 6633 cells was tested by measuring the absorbance of each supernatant at 260 nm. The bacteria was inoculated in sterile peptone water (0.1%, w/v) added of the essential oil (at MIC level). 1 ml of the cultures were taken out at 0, 30, 60, 120 min time intervals and centrifuged at 4000 rpm. The absorbance of the obtained supernatant was determined at 260 nm using an Optizen UV/Vis Spectrophotometer [22] . Control tubes without essential oil were tested at the same condition.
Scanning Electron Microscopy (SEM)
The method of sample preparation for scanning electron microscopy (SEM) was followed by Kockro, et al. [23] with some modifications. Bacterial cells of B. subtilis ATCC 6633 which were treated with and without essential oil at MIC level for 60 min were washed three times using 50 mM phosphate buffer solution (PBS, pH 7.3), and then centrifuged at 4000 rpm. After removing supernatant, the centrifuged cells were suspended in new PBS. A thin smear of the suspension was spread on a glass slide and fixed in 2.5% (v/v) glutaraldehyde (Electron Microscopy Science, Washington, USA) for 2 h. After fixation, the bacterial cells on each glass slide were rinsed, dehydrated using a series of graded ethanol (concentrations ranging from 50% to 100%), and dried with CO 2 . The dried cells were coated with gold in a sputter coater (Hitachi, Japan). Samples were observed under a Scanning electron microscope (Hitachi-S4300, Japan).
RESULTS AND DISCUSSION
Chemical Composition of the Essential Oil
The hydrodistillation of the Citrus unshiu yielded about 4 ml oil (2%, w/v) in the present study. Upon GC-MS analysis, eight different compounds (representing 99.26% of the total oil) were detected ( Table 1) . The major compounds detected were l-limonene (88.11%) and γ-terpinene (4.66%). Cyclohexane, 2,4-diisopropenyl-1-methyl-1-vinyl (1.82%), diethyl phthalate (1.02%), β-linalool (0.97%), β-myrcene (0.91%), α-farnesene (0.91%) and o-cymene (0.85%) were found to be the minor components of Citrus unshiu peel essential oil in the present study.
Antioxidant Activity
DPPH Scavenging Activity
The DPPH free radical scavenging activity of essential oil from Citrus unshiu peel is shown in Figure 1 . The scavenging effect of oil on DPPH exhibited dose dependent manner. 73.46% and 89.67% DPPH free radical were scavenged by 0.4 and 0.8% of essential oil, respectively. The highest DPPH scavenging concentration was observed at 1.0%, that 92.16% DPPH was scavenged by the essential oil. The SC 50 (50% free radical scavenging concentration) value of oil was evaluated as 0.21%. Figure 1 also shows the effect of superoxide anion radical scavenging activity of essential oil at different concentrations. The scavenging activity on super oxide by 0.4% of oil was found as 65.36%, while the scavenging activity was 85.07% at concentration of 0.8%. The highest superoxide scavenging concentration was observed at 1.0%, that 89.86% super oxide was scavenged by the oil. The SC 50 value of orange peel essential oil was found to be 0.22%. These results imply that essential oil from Citrus unshiu peel has potent antioxidant activity.
Superoxide Anion Scavenging Activity
In Vitro Antibacterial Activity
Inhibition Zones of Essential Oil on
Test Bacteria The in vitro antibacterial activity of essential oil from Citrus unshiu peel was assessed by the presence or absence of inhibition zones ( Table 2 ). The oil (4 µl/disc) exhibited potential antibacterial activity against B. cereus KCTC 14042, B. subtilis ATCC 6633 and S. aureus ATCC 6538 with diameter of inhibition zones were 7.9, 8.5 and 8.2 mm, respectively, while no effect was found against other bacteria.
Minimum Inhibitory Concentration (MIC)
and Minimum Bactericidal Concentration (MBC) As shown in Table 2 , the MIC value of the essential oil was found lower against gram-positive bacteria on B. subtilis ACTT 6633 (0.5%) than B. cereus KCTC 14042 and S. aureus ATCC 6538 (1.0 and 2.5%, respectively). The MBC values of the oil against the bacteria above were found to be 1.5, 2.5 and 5.0%, respectively, but not detected on other bacteria.
Effect of Essential Oil on Cell Viability
The reducing effects of essential oil from Citrus unshiu peel on cell viabilities of B. cereus KCTC 14042, S. aureus ATCC 6538 and B. subtilis ATCC 6633 were observed (Figure 2) during 180 min treatment. The bacteria displayed different sensitivities to the essential oil (at MIC level). More than 50% inhibition in cell viabilities were observed within 60 min of exposure time in all the three test strains. The B. subtilis ATCC 6633 exhibited higher sensetivity to the oil than the other two test strains as evidenced by the cells were completely inhibited within 90 min of exposure time, while the other two test strains were completely inhibited within 120 min. Figure 3 shows the result of release of potassium ions from B. subtilis ATCC 6633 treated with essentail oil at MIC level. The release of potassium ions from B. subtilis 
Release of Potassium Ions
Release of Cell Materials
As shown in Table 3 , the 260 nm-absorbing materials release rate of B. subtilis ATCC 6633 cells exposed to the essential oil (at MIC level) increased according to the treated time, and 100% of material released after 120 min. In contrast, the cell materials in the control supernantent kept stable during observation period.
Scanning Electron Microscopy (SEM)
The essentail oil exhibited strong detrimental effect on the morphology of B. subtilis ATCC 6633 (Figure 4) . Control cells (without essential oil treatment) showed a regular, smooth surface as shown in Figure 4(a) . In contrast, the cells treated with essential oil at MIC level (0.5%, v/v) for 60 min appeared mophology changes of cell wall, showing cell wall lysis and pore formation (Figures 4(b) and 4(c) ).
In the recent reports, much attention has been given to citrus components, since they present various pharmaceutical activities of anticarcinogenicity, antimutagenicity, antioxidative activity and antiaging [24] [25] [26] . The volatile constituents are mixed by monoterpene (limonene) and sesquiterpene hydrocarbons and their oxygenated derivatives including: aldehydes (citral), ketones, acids, alcohols (linalool) and esters [27] . Hosni, et al. [28] reported the composition of peel essential oils from four selected Tunisian Citrus species. The limonene was from 92.6% to 97.3%, while the γ-terpinene, β-myrcene and linalool were from 0.01% to 3.39%, 0.03% to 0.05% and 0.04% to 0.31%, respectively. The limonene (88.11%) of the essential oil from Korean Citrus unshiu peel in present study was less than the previous reported one. On the other hand, the content of γ-terpinene (4.66%), β-myrcene (0.91%) and linalool (0.97%) were higher than the previous reported one. That's because the differences between the chemical compositions of essential oil are mainly influenced by genotypes, environmental factors and agronomic conditions [29] . Choi, et al. [7] examined DPPH scavenging effects of 37 Citrus essential oils. Radical scavenging activities of yuzu, limes, ichang lemon, hassaku, sudachi, yuko and kabosu oils showed high radical scavenging effects of over 50% at concentration of 0.5% (v/v).The previous reports support the present results that Citrus essential oils have antioxidant activity. They also have examined DPPH scavenging activities of 21 authentic compounds including γ-terpinene, limonene, linalool and myrcene, the DPPH scavenging activities of the above mentioned compounds were 227.9, 44.3, 50.3 and 28.1 mg of trolox equiv/ml, respectively. Moreover, Song, et al. [30] reported that limonene has anti-linoleic acid peroxide activity. In the present study, essential oil from Citrus unshiu peel exhibited antioxidant activity against DPPH and superoxide anion that could be attributed to the major compounds, l-limonene and γ-terpinene (presented 88.11% and 4.66%, respectively) and the minor compounds, β-linalool and β-myrcene (presented 0.97% and 0.91%, respectively), especially the high amount of γ-terpinene (4.66%).
Historically, many plant oils have been used as topical antiseptics. The use of essential oils may improve food safety and overall microbial quality. Citrus oils have been found to be inhibitory against a range of bacteria both in direct oil and vapour forms. Deans and Ritchie [31] showed Citrus oils have antimicrobial properties not only against yeast, moulds and spore forming bacteria but also food-poisoning bacteria. In 2010, Lin, et al. [32] reported the essential oil of orange peel has significantly effects on cell population reductions of Vibrio parahaemolyticus, Salmonella typhimurium, Staphylococcus aureus and Escherichia coli at 5% in buffers. In the present study, the results of the MIC showed that the essential oil from Citrus unshiu peel exhibited potent activity against some food spoilage and food-borne pathogenic bacteria such as B. cereus KCTC 14042, B. subtilis ATCC 6633 and S. aureus ATCC 6538 at relatively low concentrations (MIC values were 1.0%, 0.5% and 2.5%, respectively). This activity could be attributed to the components such as γ-terpinene (4.66%), β-linalool (0.97%) and diethyl phthalate (1.02%). These compounds have also been found to constitute the major compositions of several essential oils, which were found to possess substantial antibacterial activities against a panel of food spoilage and food-borne pathogenic bacteria [33, 34] . It shows the evidence of antibacterial activities of these components mentioned above. Also, other components are critical to the activity and may have a synergistic effect or potentiating influence.
260 nm-absorbing material and release of free potassium ions in B. subtilis ATCC 6633 were caused by exposing the cell to essential oil from Citrus unshiu peel. The results indicated that the essential oil acted to the cytoplasm membrane and caused their integrity loss and increased permeability. The membrane of cytoplasm provides a permeability barrier to the passage of ions such as H + , K + , Na + and Ca 2+ [22] . The increase in the leakage of potassium ions will indicate that the membrane structural damaged by the essential oil. Further, the SEM analysis of B. subtilis ATCC 6633 cells demonstrated the destructive effect of the essential oil on cell membrane as compared to control group.
That the gram-negative bacteria were more resistant to the action of essential oil from Citrus unshiu peel was found in this study. This is probably due to that they possess an outer membrane surrounding the cell wall, which restricts permeation of hydrophobic compounds through its lipopolysaccharide covering [35] . The hydrophobicity characteristics of essential oil and its components enable them to partition in the lipids of the bacterial cell membrane and mitochondria, disturbing the membrane structures and leading to them more permeable [36] , so the essential oil showed higher inhibit activity against some gram-positive bacteria.
CONCLUSION
The results of the present study indicate that essential oil from Korean Citrus unshiu peel has significant antioxidant activity, and has antibacterial activities against some gram-positive bacteria. The product of Citrus unshiu peel in South Korea is abundant, therefore the essential oil of Citurs unshiu might be used as antioxidant and/or anticorrosive additive to improve the food quality and control the growth of food spoilage microbial pathogens. Also, the antioxidant compounds of the essential oil from Citrus unshiu peel might be isolated and used as antioxidant in foods.
